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prognostic measurement of abdominal aortic
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Accurate measurement of abdominal aortic aneurysms is necessary to predict rupture risk and, more recently, to follow
aneurysm sac behavior following endovascular repair. Up until this point, aneurysm diameter has been the most common
measurement utilized for these purposes. Although aneurysm diameter is predictive of rupture, accurate measurement is
hindered by such factors as aortic tortuosity and interobserver variability, and it does not account for variations in
morphology such as saccular aneurysms. Additionally, decreases in aneurysm diameter do not completely describe the
somewhat complex remodeling seen following endovascular repair of aortic aneurysms.
Measurement of aneurysm volume has the advantage of describing aneurysm morphology in a multidimensional fashion,
but it has not been readily available or easily measured until recently. This has changed with the introduction of
commercially available software tools that permit quicker and easier to perform volume measurements. Whether it is time
for volume to replace, or compliment, diameter is the subject of the current debate. (J Vasc Surg 2013;58:258-65.)PART I: DIAMETER FOR ABDOMINAL AORTIC
ANEURYSM SIZING
Atsushi Kitagawa and Tara M. Mastracci, Cleveland,
Ohio
Abdominal aortic aneurysm (AAA) is an abnormal dila-
tion of the abdominal aortic wall, common in 6% of men
and 1% of women >65 years old.1-4 The most catastrophic
consequence of an AAA is aortic rupture, resulting in high
morbidity and mortality.5 The ability to predict the likeli-
hood and timing of rupture would be useful when planning
operative intervention to prevent death from acute aortic
events. Traditionally, aneurysm diameter has been used as
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which have limited utility in clinical practice. We believe
AAA diameter is more important than AAA volume to
determine rupture risk and cardiovascular health.
Establishing AAA diameter as the gold standard.
The use of initial AAA diameter measurement as a prog-
nostic factor for cardiovascular events and AAA progression
was reported in the early literature by Szilagyi et al in 1972
in a study where he examined the outcome of patients who
were turned down for elective open repair over a 19-year
period.11 The main cause of death for 90 patients turned
down for elective surgery was coronary artery disease (37/
90, 41%), and the second cause of death was ruptured AAA
(25/90, 28%). In these patients, 40% had an AAA that
ruptured within 1 year, and the likelihood of rupture as
the cause of death was greater in large aneurysms (>6 cm)
compared with small (<6 cm; 42.5% vs 31.1%). In addi-
tion, the large aneurysms were more likely to have a fatal
rupture earlier than those with small aneurysms (71.8%
vs 39.1%).11
Since this early work, contemporary authors have also
found the importance of aneurysm size in predicting
outcome,6-10 and diameter measurements of the infrarenal
aorta have become important in the management of the
disease. Two randomized controlled trials evaluating the
role of surveillance vs early intervention in the operative
management of small aneurysms chose aortic diameter,
measured on screening ultrasound, as the method for
determining the threshold size for intervention.12,13
As well, four randomized controlled trials evaluating
population-based screening for the prevention of aortic-
related death used diameter measurements from ultrasound
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treatment of patients with aneurysms.1-4 As a result of this
work, the American College of Cardiology/American
Heart Association 2005 Practice Guidelines for themanage-
ment of patients with peripheral arterial disease published in
2006,14 surgical repair is recommended as class I for
patients with AAAs measuring $5.5 cm in diameter.
As technology has progressed, it has become apparent
that the imaging modality used to measure diameter is also
an important variable to consider. All screening studies
have relied on ultrasound as a measure of diameter. Duplex
ultrasound is an excellent modality for surveillance of an
AAA in an asymptomatic patient.15,16 Blois17 conducted
a prospective observational study to assess the efﬁcacy of
an ofﬁce-based, family physician-administered ultrasound
examination to AAA screening, with comparison of the
difference in AAA diameter measured between resident-
physicians trained in emergency unit and ultrasonography
technicians. The ofﬁce-based ultrasound scan had both
a sensitivity and a speciﬁcity of 100% with the difference
of only 2 mm in diameter between two groups. It was
concluded that AAA screening with measurement of AAA
diameter can be safely performed in the ofﬁce by family
physicians that are trained to use ultrasound technology
with no signiﬁcant difference of techniques and consuming
times compared with by vascular surgeons.
Despite its accessibility and the high speciﬁcity and
sensitivity of ultrasound for the detection of AAAs in
asymptomatic patient approaches,18,19 measurements
provided can be user-dependent: Beales et al20 reviewed
the variation in intraobserver repeatability and interob-
server reproducibility among studies about ultrasound
screening of aneurysms in the published literature. Intraob-
server repeatability coefﬁcients for anteroposterior aortic
diameter measurements in aortas 1.6 to 4.4 mm among
the ﬁve of the nine studies with usable outcome data
included in the analysis reported interobserver reproduc-
ibility of less than 5 mm. An additional four studies re-
ported poor interobserver reproducibility (range from 2
to þ5.2 to 10.5 to þ10.4 mm). Thus, ultrasound has
been supplanted by other imaging modalities for clinical
indications that require more than simple screening or
diagnostic purposes.
Computed tomography angiography (CTA) is a power-
ful tool to estimate an AAA diameter with great accuracy.
Kaufmann et al21 estimated intra- and interobserver repro-
ducibility of the maximal AAA diameter among four inves-
tigators using calculation by intraclass correlation
coefﬁcient (ICC). The intraobserver ICC of AAA maximal
diameter was estimated at 0.997. Overall intraobserver
ICC of the maximal AAA diameter was estimated at
0.995. The CT scan has been established in clinical practice
as the gold standard for imaging and measurement of the
aorta. In current practice, use of postprocessing software
allows for an accurate and reproducible method to measure
aneurysm diameter,22 making the current initial diameter
measurements the most accurate in the history of aortic
imaging (Fig).Physiologic basis for using external diameter for
AAA size. Once an aneurysm has developed, the tension on
its wall increases in accordance with a fundamental hydraulic
principle that was demonstrated 200 years ago by French
astronomer Laplace. This principle considers wall tension
to be directly proportional to intraluminal pressure and to
radius: this law applies most accurately to a sphere with an
inﬁnitely thin wall. Sumner et al expanded on this principle
that wall thickness is inversely proportional to tension.23 By
measuring the protein composition focused on the collagen
and elastin aorta specimens in 13 AAA patients, he found
that as the aneurysm expands, wall thickness decreases,
resulting in increased tension and ultimate rupture. Later,
Varduaki et al conducted the prospective study of the rela-
tionship between AAA growth rates and risk of rupture of
AAAs using measurements taken from the longitudinal
aneurysmal growth data from screening studies in Chi-
chester and Huntington, United Kingdom.24 He found
a strong correlation between AAA initial diameter and AAA
growth, with a more rapid growth in large aneurysms $50
mm in diameter. Aortic diameter was assumed to change
exponentially over time and could be described using the
equation Expected diameter ¼ a  ebt, where a is the
estimated initial diameter, b is the estimated coefﬁcient,
and t is follow-up time (years). The exponential function
ensures that absolute growth increases with diameter.
Conway et al25 conducted the study of analyzing the
outcome of all patients (n ¼ 106) referred with AAAs
larger than 5.5 cm in diameter who were turned down
for elective open repair and determined the cause of death
and risk of rupture in all patients over a 10-year period. In
this study, 76 patients (71.7%) had died after 10 years.
Patients with AAAs larger than 7.0 cm lived a median of
9 months. A ruptured aneurysm was certiﬁed as a cause
of death in 36% of the patients with an AAA of 5.5 to
5.9 cm, in 50% of the patients with an AAA of 6 to
7.0 cm, and in 55% of the patients with an AAA
$7.0 cm. Although retrospective in nature, this study
seems to support the hypothesis that increasing aortic
diameter is predictive of aortic-related death.
Aortic-related death is not the only outcome correlated
with aneurysm diameter. Duncan et al conducted the
prospective cohort study of long-term outcomes in men
(n ¼ 8146, aged 65-74 years) for AAAs in relation between
aortic diameter, morbidity, and mortality.26 All-cause
mortality was signiﬁcantly associated with aortic diameter:
512 (7.2%) men in the #24-mm group died compared
with 69 (10.3%) in the 25- to 29-mm group and 73
(17.6%) in the $30-mm group. The mortality risk in
men with an aneurysm or with an aorta measuring 25 to
29 mm was signiﬁcantly higher than in men with an aorta
of #24 mm. Men with AAAs and those with aortas
measuring 25 to 29 mm also had an increased risk of
subsequent hospital admissions compared with an aorta
diameter of #24 mm (adjusted hazard ratio, 6.7; 99%
conﬁdence interval, 3.4-13.2).
Parameters beyond diameter. Despite the wide-
spread use of diameter measurements in clinical trials and
Fig. Diagram illustrating the use of center-lumen of ﬂow projections for accurate measurement of aortic aneurysms.
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have also concluded that the diameter may not be reliable
as rupture risk criterion and that it should be replaced by
a more speciﬁc criterion.27-29 Therefore, multiple studies
have focused on patient-speciﬁc issues such as peak wall
stress25-27 or intraluminal thrombus in AAAs.33-36 In the
current era, these determinants of AAA progression and
cardiovascular events are still poorly understood, and thus
have proven to have limited clinical applicability over
diameter measurement at the present time.
Certainly, patients with aneurysms measuring $10 cm
that have not yet ruptured occasionally rise to the clinical
horizon, which challenges a simple association between
aneurysm diameter and the probability of rupture and
death. Therefore, other parameters that might play a role
in causing an aneurysm have been studied. One of the
parameters is peak wall stress (PWS). Fillinger et al30
studied the differences in PWS between patients with elec-
tive and symptomatic or ruptured AAAs (mean diameter,
6.6 cm). He was able to measure PWS using three-
dimensional computer models of AAAs from CT scan
data, combined with an AAA geometry and blood pressure
data analysis, which depicts the mechanical behavior of the
AAA wall. This group found that PWS was signiﬁcantly
higher for patients who had ruptured, which meant that
PWS is strongly correlated with AAA rupture. Speelman
et al31 investigated the relationship between the AAA
diameter and PWS with the 99-percentile stress (deﬁned
as peak stress value in the AAA after exclusion of 1% total
surface area with the highest stress). In the linear regression
analysis between AAA diameter and 99-percentile stress,
there was a moderate regression coefﬁcient (99-percentile
stress ¼ 75 þ 7* diameter; R2 ¼ 0.75; P value <
.001), which suggests a positive correlation between this
measurement and the AAA diameter. Vorp et al32 conduct-
ed the study of the mechanical wall stress in AAAs toinvestigate the effect of AAA maximum diameter and asym-
metric bulge on wall stress using three-dimensional
computer models of AAAs and concluded that the stress
within the wall of an AAA and possibly the potential for
rupture are as dependent on aneurysm shape as they are
on maximum diameter. Thus, there is a strong association
between PWS and AAA maximum diameter. However, the
methods for measurement of PWS are difﬁcult to interpret
in the clinic environment because they are not readily avail-
able for patient evaluation on a day-to-day basis.
Other parameters related to AAA growth have been
described, and the serum marker osteoprotegrin (OPG) is
a biological marker associated with atherosclerosis and
AAAs. OPG is a secreted glycoprotein member of the
tumor necrosis factor receptor superfamily and a key regu-
lator of bone modeling37 also associated with cardiovas-
cular diseases such as carotid atherosclerosis and
myocardial infarction.38,39 Moran et al40 assessed the asso-
ciation between circulating concentration of OPG and the
presence of AAAs and growth with the peroxisome
proliferator-activated receptor gamma and concluded that
circulating concentrations of OPG are associated with
AAAs and with one peroxisome proliferator-activated
receptor gamma gene polymorphism, which were associ-
ated with AAA presence and growth. Koole et al41 studied
that association between OPG and AAA diameter, in anal-
ysis of OPG concentration in AAA intraoperative biopsy
specimens. The concentration of OPG correlated positively
with aortic diameter (<55 mm; 16.1, 55-70 mm; 21.9,
>70 mm: 24.0 ng OPG/mg total amount of protein;
P ¼ .020). After adjustment for cardiovascular risk factors,
OPG concentrations were independently associated with
AAA diameter (P ¼ .001; coefﬁcient, 0.189; standard
error, 0.001). In this study of OPG association with AAA
growth, OPG has no correlation with the ventral thickness
of the thrombus (r ¼ 0.017; P ¼ .082) and intraluminal
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OPG had a borderline signiﬁcant correlation with AAA
diameter (r ¼ 0.218; P ¼ .052). At the current time,
OPG is not being used in routine clinic practice.
Volume for AAA size. The use of aneurysm volume is
another variable that has been considered as a predictor of
rupture risk. AAA volume is usually composed of two
components; one is a space of blood ﬂow and another is
ILT, which contains leukocytes, proinﬂammatory cyto-
kines, and proteolytic enzymes and is implicated in
AAA development, progression, and ruptures by other
studies.33-36 ILT products are also released into the circu-
lation, where they have potential to stimulate leukocytes and
other changes that might promote atherosclerotic plaque
activation and cardiovascular events.42,43 Parr et al44 inves-
tigated the association of AAA volume and thrombus
volume as well as AAA initial diameter. In this study, annual
AAA volume was positively correlated with thrombus
volume (r ¼ 0.50; P ¼ .001). Annual AAA volume was also
positively associated with AAA initial diameter (r ¼ 0.44;
P ¼ .006). These trends were found in the correlation study
with cardiovascular events. It means that not only thrombus
volume but also AAA initial diameter strongly correlated
with AAA aneurysm growth and cardiovascular events.
Georgakarakos et al45 analyzed the correlation between
PWS and AAA geometric parameters in the presence of ILT.
In this study, a positive correlation was observed between
PWS (DPWS%; the percentage change in PWS in the pres-
ence of ILT) and relative ILT volume (P ¼ .03). PWS in the
presence of ILT signiﬁcantly correlated with the degree of
centerline tortuosity (r ¼ 0.72; P ¼ .003) and AAA
maximum diameter (r ¼ 0.88; P < .001).
It was also found that the presence of ILT correlated with
a signiﬁcant reduction of PWS,which seemed to be a contrary
result related to PWS, that is, the more ILT was, the less the
PWS was. Speelman et al46 investigated the effect of ILT on
the PWS and growth rate of aneurysms using patient-speciﬁc
models in wall-stress computations and found a larger
thrombus in AAA was associated with a higher AAA growth
rate; however, the thrombus caused a signiﬁcant reduction in
wall stress, which was stronger for larger thrombi and higher
elastic moduli. This result is consistent with the theory by
Georgakarakos et al45 that greater ILT may mean lower
PWS. Regardless of these ﬁndings, the analysis of AAA
volume related to PWS or ILT deﬁnitely necessitates sophis-
ticated analysis software with three-dimensional computed
tomography, which is not yet clinically practical.
Conclusions. Despite its rudimentary nature, the dia-
meter measurement of an aneurysm is superior to volume
measurement for prognosis and operative planning.
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Measuring aneurysm diameter sounds as though it
might be an easy method for surveillance monitoring of
small abdominal aortic aneurysms (AAAs), for clinical
decision making regarding timing of aneurysm repair, and
even surveillance after endovascular repair. In practice,
however, there are a number of methodological problems,
all of which might be overcome by assessing aneurysm
volume rather than diameter. The problems of simple
diameter measurement include:
d Deciding in which plane the diameter is measured1
d How the diameter is measured (ie, inner-to-inner,
outer-to-outer, or leading edge-leading edge)1,2
d The very high heterogeneity between different studies
observed when diameter is used to monitor growth
rate2,3
d The inability to detect shape changes including prox-
imal or distal extension of aneurysmal disease4
d Assessment of blood volume for endovascular aneu-
rysm sealing technologies5
d Assessment of thrombus volume for predicting risk of
aneurysm rupture and cardiovascular events6,7
Technology for the assessment of aortic volume. In
the past, the measurement of arterial volumes has been
limited by the available technology to report volumes
rapidly. Volumes related to an aortic aneurysm can be
measured with a variety of techniques, including computed
tomography (CT), magnetic resonance imaging, and ultra-
sonography. Components of these volumes are the total
aneurysm volume, the wall volume, volume of any intralu-
minal thrombus, and the volume of the lumen. Here, we
focus on assessment of volume by ultrasonography (widely
used for aneurysm screening and surveillance) and CT
(widely used for planning aneurysm repair and surveillance
after endovascular repair).
Recently, there has been considerable progress in
segmentation software, allowing a rapid semiautomatic or
even completely automatic calculation of accurate volumes
from CT scans.8 Such software aims to combine rapidness,
accuracy, and reproducibility of the imaging postprocess-
ing. A recent Canadian study has proven that the applica-
tion of such software permits highly reproducible and
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diameter range 3.0 to 8.0 cm), with a repeatability of <6
mL for volume and <6% for relative volume growth:
repeatability was similar for both novice medical students
and experienced radiologists.8 The average time required
for segmentation was less than 4 minutes (227.3 6 70.5
seconds).9 Importantly, the monitoring of aortic volume
is comparable using non-contrast-enhanced and contrast-
enhanced CT scans, with huge potential to alleviate the
burden of both nephrotoxic contrast and radiation in the
relatively elderly populations being followed if non-
contrast CT scans are used.9
Many would prefer ultrasonography for both small
aneurysm surveillance and follow-up after endovascular
repair, as it is noninvasive, without radiation exposure,
and cheap. Surveillance scanning, using portable ultra-
sound equipment, can be conducted in nonhospital
settings. Probes with novel electronic arrays have been
developed for the rapid assessment of aneurysm volume
using ultrasonography,10 and one portable device has
been evaluated favorably.11 However, these technologies
have not yet reached the mass market: when they do,
volume, not diameter, will likely become the preferred
measurement for monitoring abdominal aortic aneurysms,
both small and large ones. The speed of volume acquisition
is a signiﬁcant advantage of volumetric ultrasound, as data
sets are produced within seconds and then can be postpro-
cessed subsequently.12 Whereas two-dimensional ultraso-
nography often provides insufﬁcient context for the data
to be stored or transferred to a remote location, three-
dimensional ultrasound and volume images overcome
such problems and enable telemedicine applications.
When interpreting measurement changes, it is important
to realize that a change in volume expressed as percentage
always yields a larger ﬁgure than the equivalent percentage
change in diameter.13
Surveillance of small AAAs. Small aneurysms grow
slowly, and when maximum external diameter is used for
monitoring, a signiﬁcant proportion of aneurysms appear
to be stable, without any signiﬁcant growth.14 This may
be explained by the fact that diameter measurements only
reﬂect a single aneurysm dimension in one single cross-
section, while volume measurements also take into
account the gradual changes of aneurysm morphology.
Thus, changes in aneurysmmorphology do not always result
in diameter changes. Moreover, measuring volume over-
comes two key disadvantages of measuring diameter where
reporting in variable planes and elliptical cross-sections is
problematical, particularly in tortuous aortas.1 Volume also
is superior for the monitoring of saccular aneurysms. Such
aneurysms do not appear to obey the established relation-
ship of increased diameter with risk of rupture that has been
identiﬁed for the majority, fusiform aneurysms. It is widely
accepted that saccular aneurysms are more likely to rupture,
but conﬁrming this has been difﬁcult. In a study of 15
patients, hierarchical cluster analysis was used to quantify the
three-dimensional morphology of aneurysms and develop
a shape classiﬁcation according to a tortuosity index.15Aneurysms that ruptured were associated with signiﬁcant
increases in the tortuosity index in serial scans, whereas
change in diameter was minimal.
One small prospective study has used a semiautomated
technique to monitor volume changes in 57 patients with
small aneurysms.4 Although semiautomated techniques
are more time consuming than completely automated
segmentation methods,16 this approach also offers good
reproducibility for contrast-enhanced CT scans; coefﬁcients
of variation of volume were less than 3% even for small
abdominal aortic aneurysms, whereas the average coefﬁcient
of variation for axial and orthogonal diameter was 3.2% and
2.5%, respectively.4 Interestingly, 24 of the 57 patients in
this study showed a volume increase of >6 cm3 between
sequential scans, but only about half of these showed a cor-
responding increase in orthogonal diameter (median time
interval between the scans was 14 months).4 These results
are in agreement with a smaller retrospective study, where
22 of 28 patients with small aneurysms showed an increase
in volume between successive contrast-enhanced CT scans,
compared with only 18 patients who showed increases in
aortic diameter.8 However, in this study, the interval
between scans was not given.8 Overall volumetric measure-
ments have a higher sensitivity for aneurysm growth than
diameter measurements. The accuracy and reproducibility
of aneurysmal volumetry continues to improve as both
imaging software and hardware progresses with stepwise
improvements, whereas the capability of diameter measure-
ment has peaked.
Morphological data from three-dimensional imaging
allow not only segmentation for the purposes of volume
calculations but also open the way for calculation of peak
wall stress. Three-dimensional models, based on contrast-
enhanced CT scans, provide information for ﬁnite element
models.17 Finite element analysis, which is a sophisticated
mathematical method of stress analysis factoring in a range
of aortic properties, has shown that peak wall stress is
highly correlated to both maximum diameter and sac
volume.18
Volumetry also allows the quantitation of luminal
thrombus in the aneurysm. The presence and effect of any
intraluminal thrombus has been the subject of much study.
There are three potential effects that thrombus could have
on outcomes. First, cellular and metabolic activity within
the thrombus could have secondary effects to weaken the
adjacent aortic wall. Second, there may be a biomechanical
effect that alters the stress forces exerted on the vessel wall
and hence the risk of rupture. Third, intraluminal thrombus
also may be partly responsible for the hypercoagulable and
hypoﬁbrinolytic state often seen in patients with AAAs,
with associated increase in risk of cardiovascular events.
The volume of intraluminal thrombus may inﬂuence biome-
chanical properties, but thrombus also modiﬁes the lumen
size and its tortuosity, both of which may be factors contrib-
uting to risk of rupture.
Surveillance of patients with a small AAA has the aim to
determine the correct time point at which a patient needs
evaluation for a corrective procedure. The timing depends
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from symptoms and anticipated risk of intervention. So
far, all evidence directed at establishing a threshold at
which a corrective procedure should be recommended
has been based on diameter measurements only. Clearly,
volume is a much more sensitive indicator of changes in
aneurysm morphology, including longitudinal extension
of the aneurysm, than is aneurysm diameter, and hence
more likely to be of value in the clinical management of
patients, but currently there is no evidence concerning
threshold volumes. Volumetric assessment of the aneu-
rysm, perhaps combined with emerging functional or ﬁnite
element analysis, is bound to be a better predictor of AAA
expansion and risk of rupture. Moreover, automated or at
least semiautomated volume measurements are likely to
be vital in the search for new therapies to control small
aneurysm growth.
Assessing suitability for aneurysm repair. Optimal
planning of a therapeutic procedure demands that the
surgeon or interventional radiologist have a thorough
understanding of the aortic anatomy and its main branches.
For endovascular repair, diameter measurements may
sufﬁce. Technology does not stand still, and today, new
endovascular sealing techniques are being introduced,
exempliﬁed by the Nellix endograft.5 These techniques
are currently limited by the aortic volume that can be ﬁlled
by the sealing bags. Measurement of aneurysm volume
could therefore become essential to the timing and plan-
ning of aneurysm repair using this technology.
Surveillance after aneurysm repair. Surveillance after
open aneurysm repair is minimal. By contrast, many recom-
mend the need for lifelong surveillance after endovascular
repair.19 To date, the measurement of aortic diameter after
endovascular repair, whether by CT or ultrasonography, has
been a key determinant of surveillance. Continued sac
expansion after endovascular repair is indicative of an
endoleak and the need for reintervention. Sac expansion
with or without endoleak is an important risk factor for
secondary aneurysm rupture.20 There are several studies that
have indicated that aortic volume is a much more sensitive
indicator than aortic diameter for sac expansion after
endovascular repair.4,21-23 More recently, van Keulen et al
have shown that volume measurement detected sac expan-
sion that was not detected by diameter measurement.23 In
this study, volumetry detected sac expansion in 32 of 131
scans, although an increase in orthogonal diameter was
detected in less than half of these (14 scans only).23 Endo-
leaks were detected in 18 of the scans with volume expan-
sion, although increased orthogonal diameter was only
recorded in eight of these, again less than half.
Recently, it has been suggested that a 2% increase in
aortic volume is indicative of an endoleak following endo-
vascular aortic repair, whereas if the aneurysm volume
decreased by >3%, the patient was endoleak-free.24 Such
minimal changes set the bar very high with regard to
measurement accuracy and repeatability, but current semi-
automated or completely automated segmentation soft-
ware is ready to meet these challenges.4,8Again, since three-dimensional ultrasound also provides
accurate quantiﬁcation of volume after endovascular repair,
surveillance can be offered noninvasively without any burden
of contrast agent or radiation.13,25
Challenges. We need to obtain the evidence to rewrite
guidelines based on volume thresholds. The beneﬁts of
providingpatientswith surveillance (before and after aneurysm
repair) based on volume measurements should overcome the
difﬁculties of obtaining aneurysm volume-based evidence.
Summary. Aneurysm diameter measurement is quick
and easy but suffers from the pitfalls of being “too rough
and ready.” When semiautomated segmentation took 7
to 10 minutes to estimate volume, it was not a practical
tool for busy, routine clinical practice. Today, the avail-
ability of automatic segmentation in seconds is bound to
make volume measurement, along with 3D ultrasonog-
raphy, the tools of the future. There can be no debate.REFERENCES
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146-53.EDITORS’ COMMENTARYThomas L. Forbes, MD, and Jean-Baptiste Ricco, MD, PhD, London, Ontario, Canada; and Poitiers, FranceThe abdominal aortic aneurysm (AAA) diameter is a key
component in the surveillance of AAAs for the assessment of aneu-
rysm progression. AAA external diameter has been shown to be
a reliable method for repeated measurements in cases near the
threshold for surgical referral. Other measures such as volume or
wall stress have had, until now, a limited value in clinical practice.
This argument was well developed by Mastracci et al in this debate.
But with reported mean annual growth rates of 2 to 3 mm in diam-
eter, a high reproducibility is required to allow detection of small
changes in AAA diameter. In a systematic review of ultrasound
measurement of the abdominal aorta diameter, Beales et al1
reported intraobserver and interobserver values greater than the
5-mm level regarded as acceptable by the U.K. and U.S. screening
programs. These differences may have had a signiﬁcant clinical
impact on screening and surveillance. In addition, even though
ultrasound diameter imaging has been used for years, no standard-
ized image acquisition exists. This limitation has been emphasized
by Bredahl et al,2 who showed the importance of a standardized
protocol including electrocardiograph-gating and subsequent off-
line reading with minute caliper placement to reduce variability.
Grondal et al have also shown that measurement of the maximum
external AAA diameter by ultrasound is inﬂuenced by the pulse
wave propagation, with an average difference of 1.9 mm between
diastole and systole and a wide range in variation (0-4.7 mm).3
This explains why ultrasound has been supplanted by computed
tomography angiography with the use of center-lumen of ﬂow
by postprocessing software to estimate the AAA diameter with
greater accuracy.
As discussed by our debaters, assessment of the AAA volume is
another parameter beyond diameter. It allows measurement of
contour changes of the AAA and intraluminal thrombus volume.
Using segmentation software, it permits accurate measurements of
the AAA volume even using non-contrast-enhanced computed
tomography scans. Volumetric measurements also have a higher
sensitivity forAAAgrowth thandiametermeasurements. In addition,
three-dimensional ultrasound permits quantiﬁcation of the intralu-
minal thrombus without any risk of contrast agent or radiation.
As shown by van Keulen,4 aortic volume measurement may be
particularly useful for surveillance after endovascular aneurysm
repair. In his study, sac expansion was detected by volumetry in32 patients, although an increase in sac diameter was seen only
in 14 of them. Despite ample evidence,5,6 volume assessment is still
not carried out in many institutions. The reasons are many:
Volume assessment is time consuming and requires dedicated soft-
ware and skilled technicians and may be difﬁcult to organize in
high-volume centers. Furthermore, observer variability still exists
in multiplanar reconstructions. Finally, the ability of aortic volume
to predict rupture has not been established.7
In conclusion, even if volumetric measurements are likely to
be of value in assessing the efﬁcacy of new therapies for small
AAA, we need more evidence to revise our guidelines, based until
now on diameter thresholds.
REFERENCES
1. Beales L, Wostenhulme S, Evans JA, West R, Scott DJA. Reproducibility
of ultrasound measurement of the abdominal aorta. Br J Surg 2011;98:
1517-25.
2. Bredahl K, Eldrup N, Meyer C, Eiberg JE, Sillesen H. Reproducibility of
ECG-gated ultrasound diameter assessment of small abdominal aortic
aneurysms. Eur J Vasc Endovasc Surg 2013;45:235-40.
3. Grondal N, Bramsen MB, Thomsen MD, Rasmussen CB, Lindholt JS.
The cardiac cycle is a major contributor to variability in size measure-
ments of abdominal aortic aneurysms by ultrasound. Eur J Vasc Endo-
vasc Surg 2012;43:30-3.
4. van Keulen JW, van Prehn J, Prokop M, Moll FL, van Herwaarden JA.
Potential value of aneurysm sac volume measurements in addition to
diameter measurements after endovascular aneurysm repair. J Endovasc
Ther 2009;16:506-13.
5. Prinssen M, Verhoeven EL, Verhagen HJ, Blankensteijn JD. Decision-
making in follow-up after endovascular aneurysm repair based on
diameter and volume measurements: a blinded comparison. Eur J Vasc
Endovasc Surg 2003;26:184-7.
6. Wever JJ, Blankensteijn JD, Th M Mali WP, Eikelboom BC. Maximal
aneurysm diameter follow-up is inadequate after endovascular abdominal
aortic aneurysm repair. Eur J Vasc Endovasc Surg 2000;20:177-82.
7. Parr A, Jayaratne C, Buttner P, Golledge J. Comparison of volume and
diameter measurement in assessing small abdominal aortic aneurysm
expansion examined using computed tomographic angiography. Eur J
Radiol 2011;79:42-7.
